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EXHAUST PROCESSOR WITH VARIABLE TUNING SYSTEM 

BACKGROUND AND SUMMARY 

This disclosure relates to an engine exhaust processor, and in 
5 particular, to an exhaust processor including a Helmholtz resonator. More 
particularly, this disclosure relates to an exhaust processor to attenuate noise 
associated with combustion product produced by the engine. 

Noise in a vehicle exhaust system arises from acoustic waves that are . 
generated by the sudden release of exhaust gases from individual cylinders in a 

10 vehicle engine. These acoustic waves travel from the engine exhaust manifold 
through a pipe to a muffler or other resonator on board the vehicle. 

In order to dampen these acoustic waves to reduce the sound emitted 
by a vehicle, resonance chambers are provided in a muffler or other resonator to 
attenuate the acoustic waves. One type of resonance chamber is a Helmholtz 

15 resonator. A resonance chamber absorbs energy from the acoustic waves, which acts 
to silence somewhat the noise emitted from the muffler. Each resonance chamber is 
designed to "tune" or "silence" acoustic waves of a certain frequency. 

According to the present disclosure, an exhaust processor includes an 
acoustic resonator and a resonator controller. The resonator includes a housing 

20 providing a static tuning volume and a tuning tube extending into that static tuning 
volume. The tuning tube receives engine combustion product. ; An outlet opening is 
formed in the tuning tube and arranged to lie in the static tuning volume and to place 
the static tuning volume in acoustic communication with acoustic waves associated 
with engine combustion product in the tuning tube. 

25 The resonator controller functions to vary the size of the outlet opening 

so that the tuning frequency of the resonator can be changed by increasing or 
decreasing the size of the outlet opening. The resonator controller includes an outlet 
opening size regulator and a regulator operator for moving the regulator over the 
outlet opening formed in the tuning tube as a function of one or more selected "engine 

30 parameters" (e.g., engine rpm) to change the size of the outlet opening. 

In an illustrative embodiment, the outlet opening is defined by a field 
of perforations formed in the tuning tube and the resonator controller includes a sleeve 
that is mounted to slide back and forth on the tuning tube either to "open" more 
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perforations in the field (to increase the size of the outlet opening) or to "close" more 
perforations in the field (to decrease the size of the outlet opening). It is within the 
scope of this disclosure to use the exhaust processor disclosed herein to attenuate 
noise associated with combustion product produced by a wide variety of engines 
5 (including motor vehicle engines). 

In an illustrative embodiment, the resonator controller further includes 
an engine mode detector that cooperates with the regulator operator to control 
movement of the sleeve (or other outlet opening size regulator) in a prescribed manner 
depending upon the "mode of operation" of the vehicle engine. Some engines have a 

10 variable mode of operating; for example, an eight-cylinder engine could be operated 
in four-, five-, or six-cylinder mode, depending on the "cylinder activation or 
deactivation" algorithm established in the engine. Engine combustion product is 
characterized by an "acoustic signature" unique to each mode of operation. 

In this embodiment, the engine mode is sensed by the engine mode 

15 detector and the regulator operator included in the resonator controller is instructed to 
move the sleeve relative~to the tuning tube to open and close perforations in the field 
in accordance with a "predetermined criteria" established in advance for each mode of 
engine operation and documented in the regulator operator or elsewhere in the exhaust 

processor. Thus, using the engine mode-sensitive resonator controller disclosed 

> 

20 herein, the tuning frequency adjustment system of the acoustic resonator can be 

changed easily and automatically in a manner best suited to match the acoustic 

signature associated with eiach mode of engine operation. 

Additional features of the disclosure will become apparent to those 

skilled in the art upon consideration of the following detailed description of 
25 illustrative embodiments exemplifying the best mode of carrying out the disclosure as 

presently perceived. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The detailed description particularly refers to the accompanying 
30 figures in which: 

Fig. 1 is a diagrammatic view of an exhaust processor in accordance 
with the present disclosure showing a variable resonator configured to conduct 
combustion product exhausted by an engine through a tuning tube and a resonator 
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controller that monitors an engine parameter (e.g., engine r.p.m.) and causes the size 
of the outlet opening from the tuning tube into a static tuning volume to vary 
continuously as a function of that engine parameter during engine operation so that 
the "effective length" of the tuning tube coupled to the static tuning volume is varied 
5 to attenuate noise associated with engine combustion product in accordance with a 
predetermined criteria; 

Fig. 2 is a side elevation view of an illustrative exhaust processor of 
the type diagrammed in Fig. 1, with portions broken away, showing a variable 
resonator including a static tuning volume provided by an exhaust processor housing 
10 and a perforated tuning tube extending through the housing and a resonator controller 
including an outlet opening size regulator comprising a sleeve that can move back and 
forth on the perforated tuning tube to vary the number of tuning tube perforations 
"open" to the static tuning volume provided in the housing around the perforated 
tuning tube so as to vary the size of the tuning tube "outlet opening" and thus the 
15 effective length of the tuning tube and a regulator operator comprising a motor, a 
sleeve mover, and a motion converter configured to reciprocate the sleeve mover in 
response to rotation of a shaft included in the motor, and showing that the sleeve has 
been moved to a fully extended position exposing eight rows of perforated openings; 

Fig. 3 is a view similar to Fig. 2 showing that the sleeve has been 
20 moved to a fully retracted position exposing one row of perforated openings; 

Fig. 4 is a view similar to Figs. 2 and 3 showing that the sleeve has 
been moved to a midway position to increase the effective length of the tuning tube 
by exposing four rows of perforated openings; 

Fig. 5 is a view similar to Fig. 3 showing an illustrative embodiment of 
25 a motion converter and a first illustrative embodiment of a sleeve mover; 

Fig. 6 is a view similar to Fig. 5 showing a second illustrative 
embodiment of a sleeve mover; 

Fig. 7 is a view similar to Figs. 5 and 6 showing a third illustrative 
embodiment of a sleeve mover; 
30 Fig. 8 is a view similar to Fig. 7 showing another illustrative exhaust 

processor wherein an outlet end of a perforated tuning tube carrying a movable sleeve 
is coupled to a low- frequency tuning tube communicating with a second static tuning 
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volume located in the housing "alongside" an upstream first static tuning volume 
communicating with the perforated tuning tube; 

Fig. 9 is an enlarged perspective view of the low-frequency tuning tube 

shown in Fig. 8; . . 

5 Fig. 10 is a view similar to Fig. 8 showing another illustrative exhaust 

processor including a low-frequency tuning tube coupled to an outlet end of a 
perforated tuning tube carrying a sleeve wherein the perforated tuning tube and the 
low-frequency tuning tube share a common static tuning volume provided in the 
exhaust processor housing; 
10 Fig. 1 1 is an enlarged perspective assembly view showing the outlet 

end of the perforated tuning tube before it is inserted into an inlet end of the low- 
frequency tuning tube; 

Fig. 12 is an enlarged sectional view taken along line 12-12 of Fig. 10 
showing the outlet end of the perforated tuning tube mounted in the inlet end of the 
1 5 low-frequency tuning tube; 

Fig. 13 is-a side elevation view of another illustrative exhaust 
processor, with portions broken away, showing an exhaust processor housing 
partitioned by a movable baffle to define first and second static tuning volumes, a 
perforated tuning tube extending through the housing and a central aperture formed m 
20 the movable baffle, a sleeve coupled to the baffle to move therewith back and forth on 
the perforated tuning tube, and a sleeve mover coupled to the movable baffle; 

Fig. 14 is a view similar to Fig. 13 showing use of the sleeve mover to 
move the baffle in the housing to change the size of each of the first and second static 
tuning volumes and to move the sleeve on the perforated tuning tube so that fewer 
25 tuning tube perforations "open" into the upstream first static tuning volume and more 
tuning tube perforations open into the downstream second static tuning volume; 

Fig. 15 is an enlarged sectional view taken along line 15-15 of Fig. 13 
showing flow apertures formed in the movable baffle; 

Fig. 16 is a view similar to Fig. 15 showing a movable baffle without 
30 any flow apertures; 

Fig. 17 is a side elevation view of another illustrative exhaust 
processor, with portions broken away, showing a perforated inlet tube, a perforated 
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outlet tube, and a sleeve mover adapted to move sleeves mounted for sliding 
movement on the perforated inlet and outlet tubes; 

Fig. 18 is a view similar to Fig. 17 showing placement of the 
perforations in the outlet tube in a location different than that shown in Fig. 17; 
5 Fig. 19 is a diagrammatic view of another exhaust processor in 

accordance with the present disclosure showing a variable resonator and a resonator 
controller including an engine mode detector coupled to the engine and configured to 
detect the engine mode (e.g., 4, 5, 6, or 8 cylinder operation) selected by a vehicle 
operator or apparatus to regulate operation of the resonator controller using the engine 

1 0 parameter in a manner suited to the selected engine mode; 

Fig. 20 is a diagrammatic view of yet another exhaust processor in 
accordance with the present disclosure showing a variable resonator arranged to 
communicate with combustion product flowing through a flow conduit located in an 
exhaust processor housing; and 

15 Fig. 21 is a side elevation view of an exhaust processor, with portions 

broken away, illustrative of the exhaust processor shown diagrammatically in Fig. 20. 

DETAILED DESCRIPTION OF THE DRAWINGS 

An exhaust processor 10 comprising a variable acoustic resonator 12 

20 and a resonator controller 14 functions to silence or quiet noise associated with 
combustion product generated by engine 16. As suggested in Fig. 1, resonator 12 
includes a tuning tube 18 provided with a variable size outlet opening 20 to 
communicate acoustic waves associated with engine combustion product admitted 
into tuning tube 18 through inlet opening 22 to a Helmholtz resonance chamber 

25 established by static tuning volume 24. Resonator controller 14 functions to change 
the size of outlet opening 20 during operation of engine 16 by moving an outlet 
opening size regulator 26 over outlet opening 20 in tuning tube 18. This movement of 
regulator 26 increases or decreases the size of outlet opening 20 under the control of a 
regulator operator 28 that senses an engine parameter 30 (e.g., engine r.p.m.) of 

30 engine 16 and moves regulator 26 in response to real-time changes in engine . 

parameter 30 that occur during operation of engine 16 so as to vary the size of outlet 
opening 20 during engine operation to "tune" or "silence" acoustic waves associated 
with engine combustion product extant in tuning tube 18. Tunable acoustic systems 
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are disclosed in U.S. Patent Nos. 5,930,371 and 4,539,947. Those disclosures are 
hereby incorporated by reference herein. 

In an illustrative embodiment, a tuning tube 1 8 extends into a static 
tuning volume 24 provided in a resonator housing 32 as shown, for example, in 
5 Figs. 2-4. Housing 32 includes first and second end walls 34, 36 and a side wall 38 
arranged to extend from first end wall 34 to second end wall 36. An inlet end of 
tuning tube 1 8 extends through an aperture 40 formed in first end wall 34 and an 
outlet end of tubing tube 18 extends through an aperture 42 formed in second end wall 
36. A field of perforations 44 arranged, for example, in longitudinally spaced-apart 

10 annular rows, is formed in tuning tube 1 8 to define outlet opening 20. Acoustic 

waves (not shown) associated with combustion product (not shown) in tuning tube 1 8 
are communicated to static tuning volume 24 in housing 32 via opened perforations 
44 in the perforation field. Combustion product discharged from tuning tube 1 8 is 
discharged therefrom in direction 45 to a downstream destination. 

15 A sleeve 46 formed to include a longitudinal passageway 48 receiving 

tuning tube 1 8 therein is- mounted for back-and-forth (or other) movement on taring 
tube 1 8 in static tuning volume 24 to open and close perforations 44 so as to increase 
or decrease the effective size of outlet opening 20. Regulator operator 28 comprises a 
sleeve mover 50 coupled to sleeve 46 and a mover driver 52 coupled to sleeve mover 

20 50. Mover driver 52 comprises, for example, a motor 54 and a motion converter 56 
for converting an output (e.g., rotary movement of a drive shaft) of motor 52 into ' 
reciprocating movement of sleeve mover 50. In one embodiment, motion converter 
56 is a rack-and-pinion mechanism of the type suggested diagrammatically in Fig. 5. 

In operation, sleeve 46 can be moved by regulator operator 28 to open 

25 a maximum number of perforations 44 (so as to maximize the size of outlet opening 
20) as shown, for example, in Fig. 2 or close most of perforations 44 (so as to 
minimize the size of outlet opening 20) as shown, for example, in Fig. 3. By leaving 
at least one perforation 44 open (or uncovered by sleeve 46), acoustic waves 
associated with engine combustion product in tuning tube 1 8 are transmitted into the 

30 static tuning volume 24 around tuning tube 18. Sleeve 46 is positioned to open eight 
annular rows of perforations 44 in Fig. 2, one annular row of perforations 44 in Fig. 1, 
and four annular rows of perforations 44 in Fig. 4. It is within the scope of this 



9501-68473 



-7- 

disclosure to position sleeve 46 relative to the field of perforations 44 so that 
movement of sleeve 46 to the right (in Fig. 2) decreases the size of outlet opening 20. 

Several illustrative examples of sleeve movers 50 are shown in Figs. 5- 
7. These sleeve movers 50 are configured to cause sleeve 46 to move back and forth 
5 on tuning tube 18 along an axis that is coextensive with the central longitudinal axis 
63 of tuning tube 18. 

As shown in Fig. 5, sleeve mover 50' comprises a guide rod 60 
mounted in a fixed position in housing 32 and a slidable collar 62 coupled to sleeve 
46 by a post 61 and mounted for sliding movement on guide rod 60 to cause sleeve 46 

10 to move relative to tuning tube 18 along an axis 63 parallel to a longitudinal axis 64 
established by quick rod 60. A push-pull rod 66 isxoupled at one end to motion 
converter 54 and at another end to post 61 . In the illustration in Fig. 5, guide rod 60 is 
coupled at one end to first end wall 36 and is coupled at an opposite end to second end 
wall 38. It is within the scope of this disclosure to couple the ends or other portions 

15 of guide rod 60 to resonator housing 32 or other structures associated with resonator 
housing 32 to establish a fixed position of guide rod 60 within housing ,32, ^ 

As shown in Fig. 6, sleeve mover 50" includes a post 61 coupled to a 
push-pull rod 66 which, in turn, is coupled to motion converter 54. Housing 32 
further includes one or more interior baffles 68. Each baffle 68 is positioned to lie 

20 inside housing 32 between first and second end walls 36, 38. Baffle 68 is formed to 
include a first aperture 70 receiving tubing tube 18 (and also sized to receive. sleeve 
46) therein and a second aperture 72 receiving push-pull rod 66 therein to support rod 
66 for movement along a longitudinal central axis 73 parallel to axis 63 of tuning tube 
18. Each baffle 68 can be formed to include one or more other apertures 74 as shown, 

25 for example, in Fig. 6 to adjust the tuning frequency of the exhaust processor in a 
desired manner. 

As shown in Fig. 7, sleeve mover 50" includes a guide rod 60 mounted 
' at one end to one interior baffle 68 and at. another end to another interior baffle 68. 
The baffles 68 are positioned to he in housing 32 between first and second end walls 
30 36, 38 and in spaced-apart relation to one another. Push-pull rod 66 extends through 
aperture 72 formed in one of baffles 68 and interconnects motion converter 54 and 
post 61. 
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It is within the scope of this disclosure to couple a low-frequency 
tuning tube 76 to an outlet end 75 of tuning tube 18 as shown, for example, in Fig. 8. 
It is also within the scope of this disclosure to arrange a baffle 78 in housing 32 to 
partition the interior region of housing 32 to define a static tuning volume 24' between 
5 first end wall 34 and baffle 78 and a low-frequency static tuning volume 80 between 
baffle 78 and second end wall 36. Baffle 78 is coupled to side wall 38 to lie in a fixed 
position in the interior region of housing 32 in the embodiment shown in Fig. 8. 
Outlet end 75 (or other portion) of tuning tube 18 is arranged to extend through a 
central aperture 82 formed in baffle 78. Sleeve 46. is mounted on the portion of tuning 

10 tube 18 positioned to lie in static tuning volume 24 ! for movement relative to tuning 
tube 18 to open and close perforations 44. 

Low-frequency tuning tube 76 is formed to include a first inlet opening 
84 coupled in fluid communication to a second outlet opening 86 formed in outlet end 
75 of tuning tube 18 as shown, for example, in Fig. 8. Low-frequency tuning tube 76 

15 is also formed to include a first outlet opening 85 arranged to lie in low-frequency 
static tuning volume 80- to place low-frequency static tuning volume 80 in acoustic 
communication with acoustic waves associated with engine combustion product 
extant in low-frequency tuning tube 76. This "coupling" of tuning tubes 18, 76 allows 
engine combustion product flowing in a downstream direction 85 through tuning tube 

20 1 8 to empty into a passageway 87 formed in low-frequency tuning tube. 76 before it is 
discharged from tuning tube 76- through a second outlet opening 88 formed in an 
outlet end 89 (of tuning tube 76) extending through an aperture 42 formed in second 
end wall 36 as shown, for example, in Fig. 8. 

Low- frequency tuning tube 76 comprises a large-diameter inlet section 

25 90, a smaller diameter outlet section 89, and a necked-down conical transition section 
93 interconnecting inlet and outlet sections 90, 89 as shown, for example, in Figs. 8 
and 9. As shown in Figs. 8 and 9, inlet section 90 includes four circumferentially 
spaced-apart depressions 91 that are sized and located to mate with an exterior surface 
of outlet end 75 of tuning tube 1 8 to couple low-frequency timing tube 76 to tuning 

30 tube 18 in the manner specified herein. Inlet section 90 further includes four tunnel 
sections 92 configured to define first outlet openings 85 and arranged so that each 
tunnel section 92 lies between a pair of adjacent depressions 91 as shown best for 
example, in Fig. 9. 



♦ 
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In operation, low-frequency static tuning volume 80 provides a low- 
frequency Helmholtz resonance chamber. Low-frequency acoustic waves associated 
with engine combustion product passing through passageway 87 formed in tuning 
tube 76 are passed through first outlet openings 85 also formed in tuning tube 76 and 
5 then tuned in low-frequency static tuning volume 80. At the same time, sleeve 46 
located in static tuning volume 24' can be moved by regulator operator 28 to cause 
acoustic waves of other frequency associated with engine combustion product passing 
through tuning tube 18 and its first outlet opening 20 defined by the field of 
perforations 44 to be tuned in static volume chamber 40'. 

10 It is within the scope of this disclosure to use tuning tubes 18 and 76 in 

series without any interior baffle (such as baffle 78 shown in Fig. 8) as shown, for 
example, in Fig. 10 so that each of first outlet opening 20 of tuning tube 18 and first 
outlet opening 85 of low-frequency tuning tube 76 communicates with a single 
Helmholtz resonator chamber defined by static tuning volume 24 within housing 32. 

15 It is also within the scope of this disclosure to vary the size and shape of low- 
frequency tuning tube as can be seen in a comparison of tube 76 shown in Figs. 8 and 
9 and tube 76' shown in Figs. 10-12 to alter the low-frequency tuning capability of 
such a tube. 

In an embodiment shown in Figs. 13-16, an interior baffle 1 10 is 
20 mounted in the interior region of resonator housing 32 for movement relative to side 
wall 38. Baffle 110 partitions the interior region of housing 32 to define a first static 
tuning volume 24' between first end wall 34 and baffle 110 and a second static tuning 
volume 24" between baffle 110 and second end wall 36. In the illustrated 
embodiment, a portion of the first outlet opening 20 defined by the field of 
25 perforations 44 is arranged to lie in each of the static tuning volumes 24' and 24". The 
first and second static tuning volumes 24' and 24" vary in size as baffle 1 10 is moved 
back and forth inside housing 32 as shown, for example, in Figs. 13. and 14. Baffle 
1 10 can be formed to include vent apertures 1 12 as shown, for example, in Figs. 13- 
15 or without vent apertures as shown, for example, in Fig. 16 to provide the exhaust 
30 processor designer with flexibility to tune certain frequencies. 

Sleeve 46 is coupled to baffle 1 10 for movement therewith relative to 
tuning tube 18 and side wall 38 as also shown in Figs. 13 and 14. Sleeve mover 50 
extends into first static tuning volume 24' through an aperture formed in the housing 
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32 to move relative to housing 32 to control movement of baffle 110 and sleeve 46 
relative to the tuning tube 18 extending through sleeve 46 and a central aperture 
formed in baffle 110. 

Referring now to embodiments shown in Figs. 17 and 18, it will be 
5 seen that it is within the scope of this disclosure to cause a second tube 1 18 to extend 
through an aperture 116 formed in second end wall 36 into static tuning volume 24 
and lie, for example, in spaced-apart parallel relation to tuning tube 18. In this 
embodiment, tuning tube 18 is closed at its downstream end 1 16 so that all engine 
combustion product admitted into tuning tube 18 through inlet opening 22 is 
10 discharged into static tuning volume 24. Second tube 1 18 is formed to include an 
inlet opening 120 arranged to lie in static tuning volume 24 to allow engine 
combustion product therein to pass into a passageway 122 formed in second tube 118. 
That passageway 122 has an outlet opening 124 formed in outlet end 126 of second 
tube 126. 

15 A second sleeve 146 is mounted for movement in static tuning volume 

24 alongside tube 1 1 8 as. shown, for example, in Fig. 1 7 to vary the size of inlet 
opening 120 formed in second tube 118. Sleeve mover 50 is coupled to each of 
sleeves 46, 146 to cause those sleeves 46, 146 to move together as a unit relative to 
tuning tubes 18, 1 18 in response to operation of motor 56 and motion converter 54. In 

20 the embodiment of Fig. 17, the inlet openings 20, 120 are located so that movement of 
sleeves 46, 146 in one direction minimize the size of both of those openings 20, 120 
whereas, in the embodiment of Fig. 18, the inlet openings 20, 120 are located so that 
movement of sleeves 46, 146 in one direction minimizes the size of inlet opening 20 
and maximizes the size of inlet opening 120. It is also within the scope of this 

25 disclosure to omit second sleeve 146. 

An exhaust processor 210 similar to exhaust processor 10 of Fig. 1 is * 
shown diagrammatically in Fig. 19. In this embodiment, engine 216 is operable in 
five different modes, resonator controller 214 further comprises an engine mode 
detector 228 coupled to engine 216, and regulator operator 228 is configured to move 

30 outlet opening size regulator 26 based on real-time changes in engine parameter 30 
(e.g., engine r.p.m.) in accordance with a predetermined criteria established in 
advance for each mode of operation of engine 216. 
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A wide variety of power trains (e.g., solenoid-controlled valve trains, 
camless engines, and cylinder deactivation technologies) pose tuning challenges to 
exhaust system designers due to increased complexity and cost associated with 
suitable tuning devices. The changing "operating mode" of an engine (e.g., an eight- 
5 cylinder engine could operate in four-, five-, or six-cylinder mode depending on the 
"cylinder activation or deactivation" algorithm established in the engine) could 
require an exhaust system designer to tune all of these individual engine operating 
modes with, potentially, several tuning elements. Given the packaging and 
performance constraints of vehicles, consumers would welcome an exhaust silencer 

10 able to respond actively to engine operating modes in accordance with the present 
disclosure so as to minimize the need for passive silencers for each engine operating 
mode. The resonator controller in accordance with the present disclosure is able to 
perform without increasing the restriction (back pressure) of the exhaust system and 
thus does not have a negative impact on engine power output. 

15 The displacement of outlet opening size regulator 26 relative to 

variable size outlet opening 20 formed in tuning tube 1 8 is controlled via a muffler 
control unit (MCU) incorporated in or linked to regulator operator 228. The 
electronic map stores data for regulator displacement versus the required tuning 
frequency. 

20 In operation, regulator operator 228 moves regulator 26 relative to 

tuning tube 18 as a function of one or more engine parameters (e.g., engine r.p.m.) 
according to a predetermined criteria established for each mode of operation of engine 
216 based on the mode of operation of engine 216 sensed by engine mode detector 
228. This predetermined criteria is established in the MCU in a format suitable for 

25 use in regulator operator 228. 

An exhaust processor 310 similar to exhaust processor 10 of Fig. 1 is 
shown diagrammatically in Fig. 20 and illustratively in Fig. 21. In this embodiment, 
combustion product generated by engine 16 passes from a combustion product input 
3 12 to a combustion product output 314 through a flow conduit 316. The inlet 

30 opening 22 of tuning tube 18 communicates with engine combustion product extant in 
flow conduit 316. 

In the illustrative embodiment shown in Fig. 21, an interior baffle 318 
is mounted in the interior region of resonator housing 32' and static tuning volume 24 
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is located between baffle 218 and second end wall 36. Tuning tube 18 has an inlet 
end extending through an aperture 320 formed in baffle 318 and sleeve 46 is movable 
in static tuning volume 24 on tuning tube 18 to open and close perforations 44 formed 
in tuning, tube 18 and arranged to lie in static tuning volume 24. Flow conduit 316 
5 includes an inlet section 322 bounded by first end wall 34, baffle 3 1 8, and a portion of 
side wall 38 located between first end wall 34 and baffle 318. Flow conduit 316 also 
includes an outlet section 324 coupled in fluid communication to inlet section 322 and 
defined by a tube 326 extending through static tuning volume 24. Tube 326 has an 
inlet extending through an aperture 328 formed in baffle 3 1 8 to receive engine 

10 combustion product from inlet section 322 and an outlet extending through an 
aperture 330 formed in second end wall 36. 

A single muffler in accordance with the present disclosure could be 
used for tuning various engine configurations simply by altering the control logic. 
Such a muffler could also reduce or eliminate the need for multiple "passive" tuning 

15 * elements within an exhaust system because "one" tuning chamber could be used to 
silence multiple frequencies. Such a muffler could be used for "camless" engines, 
where the engine could potentially switch to a four-, five-, six-, or eight-cylinder 
mode "on the fly." Such a muffler will potentially reduce muffler back pressure via 
eliminating multiple tuning chambers. Such a muffler will minimize exhaust system 

20 weight by "consolidating" multiple tuning elements into one. 



